Background/Aims: In 2015, approximately 70,000 patients with end-stage renal disease were treated chronically with dialysis in Germany. However, there is only sparse information regarding subjective appreciation of the different aspects of extracorporeal renal replacement therapies. This study was performed to gain insight into the needs and appreciation of services in dialysis centers in Germany including the views not only of the patients but also of the caregivers, physicians, and nurses. Methods: A cross-sectional written voluntary questionnaire survey based on the international RAND Kidney Disease Quality of Life Short Form (version 1.3) comprising 510 adult dialysis patients, 274 caregivers, 29 physicians, and 60 nurses in 30 dialysis centers across Germany. Results: Although patients were mostly satisfied with present treatment options, room for improvement exists. Patients were less critical of services than doctors and nurses. Factors such as trustworthy contact with staff at the centers as well as information exchange with other patients and among caregivers play a significant role in the patients' perception of a high-quality dialysis treatment facility. Therefore, continued cost saving, in particular regarding personnel, may subjectively counteract the objective technical improvements of dialysis. Conclusions: High-quality technical standards are essential for successful dialysis therapy; however, additionally, we recommend an array of communicative and social tools employed by all stakeholders to convey and exchange information and also support subjective well-being. This survey represents one of the largest evaluations to date. The data are also of potential international relevance for non-German health management systems.
Introduction
In 2015, approximately 90,000 patients with end-stage renal disease were treated in Germany with hemodialysis (HD) or peritoneal dialysis (PD), of which 70,000 were treated chronically [1] . Parallel to technical advances in the last 40 years, nephrologists have witnessed a transition of patient expectation in everyday life from initial essential prolongation of life on dialysis in an otherwise terminal state of uremia to progressive self-determination of method also encompassing social and family integration. Not denying tremendous technical advances, further achievements must accommodate views and perceptions of all groups involved in caregiving.
Several analyses have focused on the needs of patients purely from a medical point of view and only considering insights gained solely from the patient [2, 3] . However, expert groups are becoming increasingly aware that information on the understanding of the impact of dialysis on a patient's life that is gained from different angles and perspectives can provide necessary new and profound insights to improve patient satisfaction [4, 5] . Successful implementation of kidney replacement therapy requires adequate education and participation of caregiver groups to facilitate shared decision-making regarding dialysis treatment options [6] . This is the first exploratory survey that provides comprehensive information and viewpoints of all major stakeholders involved in dialysis, that is, patients, physicians, nurses, and caregivers, documented and compared in a single cross-sectional investigation in Germany. In February 2019, in Germany, the dialysis sector comprised 53.8% private practices, 27.8% institutional chain centers (i.e., Curatorium for Home Dialysis [KfH] 20.1%, Patient Home Dialysis [Patienten Heimversorgung] 7.7%), and a total of 18.4% commercial providers. Additionally in 2017, of a total of 1,942 hospitals, 327 supported a dialysis unit including 3 for the German Army offering a total of 3,605 dialysis stations [7] . Due to the internationally standardized design and the fundamental content of the questionnaire parameters, the intentional results may be extrapolated to non-German health systems.
Utilization of dialysis therapies other than standard HD is, in part, dependent on training experience of the doctors involved [8] . Thus, nephrology training programs should ensure that all trainees are prepared to offer all forms of dialysis. In this respect, studies analyzing subjective perception and acceptance of the methods can offer guidance with the intention of more successful implementation of renal replacement options.
Material and Methods

Ethics
The survey was planned and performed as a noninterventional, observational, crosssectional questionnaire study. Participation of the centers, professional personnel, and patients including their personal caretakers was essentially voluntary. Informed, written consent was mandatory for all participants. The exploratory survey was approved in 2014 by the Ethics Committee of the Doctors Medical Association, Munich, Germany. No additional diagnostic or monitoring procedures were applied to the patients; thus, an EU PASS Register Number was not required.
Survey Design
The survey was designed as multicenter, noninterventional, observational, and descriptive without influencing the regular treatment of patients in routine medical care. Information was collected in the form of written questionnaires based on the RAND (Research and Development) Institution Kidney Disease Quality of Life Short Form (SF 36 Health Assessment, version 1.3) and adapted accordingly to the specifically surveyed groups. To increase comprehensibility, satisfaction was rated using the German school mark system: that is, "1" for "very satisfied" to "6" for "not satisfied at all," as compared to the inverse RAND grading system with "0" indicating "worst possible" and "10" signifying "best possible health" [9] .
The following parameters were analyzed descriptively and subjective impressions were compared: 1. Patient-specific items − Impact of dialysis (patient vs. family member) − Burden on family members (patient vs. family member) − Contact and exchange of information (patient and family member) − Patient satisfaction (respective of therapy method) 2. Center-specific items − Relevance of services (doctor vs. nurse vs. patient) − Grading of center (doctor vs. nurse vs. patient vs. family member) − Potential of optimization in centers (doctor vs. nurse) 3. German flatrate cost compensation − Potential effects on centers (doctor vs. nurse) − Apprehensions of patients and family members
Statistical Methods and Quality Control
Information was collected in the form of a paper questionnaire distributed via AbbVie medical department to dialysis centers in Germany. The data collection period was from February 15, 2015, until October 31, 2015. A total of 43,549 single items were evaluated. AbbVie Deutschland GmbH and Co. KG and Primus Consulting Group GmbH Germany performed data quality control.
Data management was based on the guidelines and recommendations for ensuring Good Epidemiological Practice. Statistical analysis was performed using SPSS IBM Statistics 23 Windows and MAC and Microsoft Excel version 14.0.7145. As this survey was exploratory with no previous pertinent comparable analyses, there was no formal sample size calculation, and the statistical analysis was performed in a descriptive way by calculating means and SDs. Continuous data were computed using the number of patients (n), mean, SD, median, minimum, and maximum. Categorical data were summarized by using number and percentages of patients. Analysis of variance (ANOVA) was utilized for group comparisons. Where appropriate, 2-sided Pearson's chi-square calculations were applied to comparisons between HD and PD. Additionally, t testing of means and Levene-testing of homogeneity of variance were performed (data on file). Missing data were not substituted and, thus, were exempted from computation.
Patients
Participation and response to questions were strictly voluntary. Participants were eligible, if they were aged 18 years and over and had chronic kidney disease stage 5D. Participation was reimbursed to the centers according to the standard German Doctor tariff.
Results
The cross-sectional study was performed at 30 sites across Germany and included 510 adult dialysis patients (66 questions), 274 caregivers (23 questions), 29 physicians (43 questions), and 60 nurses (39 questions).
Dialysis Centers
In total, 66% constituted private dialysis centers, 14% represented hospital institutions, 10% were run by the "Patienten Heimversorgung," a nonprofit organization and 10% were supported by various other facilities. The largest proportion of patients were treated in centers catering for between 50 and 99 patients (9 centers); 2 centers supported < 50 patients, 5 centers 100-149 patients, 3 centers 150-199, 5 centers 200-299, 1 center 300-499, and 1 center > 500 patients.
Patients
Age was entered by range: 2.5% of the patients were ≤30 years old, 46.5% were between 31 and 65 years old, and 50.8% were over 65 years (50.8%). In total, 58.8% of the patients were reported male and 38.4% female gender.
Of reported dialysis methods, 341 (66.9%) of the patients declared treatment with HD, 97 (19%) with PD, and 9 (1.8%) with home HD (HHD). Dialysis vintage ranged from first year on dialysis up to 44 years of dialysis therapy ( Fig. 1) .
At the time of the survey, 18.6% of patients were still professionally active, whereas 76.7% were not.
Impact of Therapy on Quality of Life Parameters
Pearson's chi-square analysis revealed a statistical significant effect of the dialysis method on professional activity with least burden incurred by PD (p = 0.04; Table 1 ). Similarly, patients on PD reported less negative effects on recreational activity than HD patients (Pearson's chi-square p = 0.011; Table 2 ). 
Patient Satisfaction
Mean patient satisfaction rates were generally high with 1.83 for HD, 1.53 for PD, and 1.89 for HHD. On the whole, patients' impression of their general health/vitality/well-being was mostly neutral (mean 2.98) with slightly worse ratings from their caregivers (mean 3.30). Specific visualization of single parameters showed a pronounced negative effect on sexuality as compared to only a modest effect on appetite ( Fig. 2 ). Regarding PD, ANOVA showed a tendency toward superior general well-being (p = 0.051) and highly significant superiority of the item vitality (p = 0.015). The other sub-items did not reach statistical significance.
Possibly as expected, ANOVA revealed a significant association between age and health (p < 0.001) as well as age and vitality (p = 0.01). However, appetite was not specifically affected preferentially by the method of dialysis.
The burden of dialysis for the caregiver was typically perceived as higher seen from the viewpoint of the caregivers as compared to the patients' estimation of their burden on their caregivers ( Fig. 3 ). Pearson's chi-square analysis did not show any significant difference between the dialysis methods.
Informational Exchange between Patients
Interestingly, only a small minority of patients and their caregivers felt that informational exchange and contact between patients was unimportant; > 1/3 regarded exchange as important ( Fig. 4 ). However, 76.0% of patients and 77.1% of care givers described rare or no contact in everyday practice, suggesting an area for future improvement by actively supporting informational exchange between patients.
Strength of effect
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Informational Exchange between Caregivers
A total of 32% of the caregivers rate this kind of contact as being (very) important, but only 5.9% have at least regular actual contact with others ( Fig. 5 ). This indicates that there might be an additional unmet need within the group of caregivers for support in establishing contacts to other caregivers.
Dialysis Center Performance
Single parameter analysis showed significant differences in appreciation of dialysis center services, with food and beverages approval ratings ranging far lower than flexibility of shifts and appointments. Remarkably, nurses generally had a worse impression of services and atmosphere than either patients or doctors (Fig. 6 ).
Nursing staff performance was generally well appreciated, whereas time availability was marked noticeably worse than, for example, expertise. Figure 7 shows the distribution of ratings from the patients versus doctors versus nurses. Here again, nurses' impressions were mainly worse than the judgment by the patients, with an intermediate appraisal by the doctors.
Regarding physicians' performance, doctors and nurses estimated that time availability was significantly inferior as compared to, for example, medical expertise. Remarkably, nurses, again, had a worse impression than either the doctors or patients. Interestingly, patients' estimation of physicians' time availability was appreciated far better than the perception of the other groups (Fig. 8 ).
Counseling Services
Laboratory analyses, medication, and treatment methods prior to initiation of renal replacement therapy were regarded as important counseling services as compared to change of treatment methods/modalities and psychological/social counseling. Patients and doctors marked the services on average with "2," whereas the nurses' impression was again more critical. Interestingly, patients' estimation of importance was nearly identical to their perception of performance in the dialysis centers, suggesting that the centers are delivering accordingly weighted services.
Dialysis Method Reimbursement
Taking into account that 39.4% of patients and 48.3% of caregivers had declared that they had no knowledge of dialysis reimbursement or potential future developments, 73.4% of patients and 77.2% of caregivers with knowledge feared negative consequences of recent and planned reimbursement changes on treatment and services at the dialysis centers and the consequence of potential cost sharing by the patient.
Nursing staff and physicians similarly feared a negative impact on services caused by economization (personnel, drugs, material), loss of quality (caretaking, flexibility, reduction in physicians/nurses), and organizational changes.
Discussion
The results presented in this cross-sectional, single approach survey are, so far, unique in that they offer insights into the similarities and differences between the perceptions of the major stakeholders concerning not only HD but also HHD and PD.
A comparison of our patient cohort characteristics showed several differences regarding demographics [10] [11] [12] [13] [14] . In our study, 58.8% of the participants were reported male being very similar to 57.2% demonstrated in the USRDS (United States Renal Data System) annual report for 2016, respectively, with 38.4% female gender versus 42.8% in the USA. A similar proportion is also reflected in the UK renal registry data.
In our study, 2.5% of the patients were ≤30 years old as compared to 6.2% in the USA. In our cohort, 46.5% were between 31 and 65 years old, whereas the USRDS Annual Report relating to 2016 describes 51.4%. The UK Renal Registry Report 2018 pertaining to data collected in 2016 refers to 63.1% in the extended age group of 18-65 years. In total, 50.8% of our participants were older than 65 years; the respective numbers for 2016 were 46.3% in the USA and 36.9% in the UK reflecting a slightly older cohort in our study. However, on the German national level, the German Joint National Committee reported for 2015 that 36.6% were aged 18-64 years and 63.4% older than 65 years [15] . Thus, our results are intermediate between German national and international publications.
Globally, the percentage of HHD treatment is low, 1.8% in our study, 0.67% generally in Germany, 4.3% in the UK, and 1.2% in the USA.
Regarding treatment modalities, 66.9% of our patients declared treatment with HD. German national registry data reported 93.7% on HD, whereas the respective percentage was 87% in 2016 in the UK and 87.8% in the USA. The corresponding number for PD was 19% in our study versus 5.5% on the German national level and 4.3% in the UK and 10% in the USA. The number of PD patients was intentionally increased in our study to enable a statistically meaningful comparison to the HD cohort. Although a higher percentage of PD patients could theoretically account for the increased demand for methodical information, this is not reflected in the data we collected and would not adequately explain the differences reported.
Comparative studies have often pertained to the impact of dialysis modality on healthrelated quality of life [16] [17] [18] . However, results have not been homogeneous, and a metaanalysis of 52 studies, comprising > 36,000 patients, revealed no significant differences between dialysis modalities with respect to SF36 parameters [19] . Our study was specifically based on SF36, version 1.3 (RAND Institution), comprising questions pertinent to quality of life under present standard living conditions in Germany, thus enabling international compa-rability. The questions were adapted to the targeted study groups, and the multiple aspects of patient satisfaction were allocated a proportionally larger coverage. The scoring system was inversely changed from the original SF36 range of 0-10 (worst to best) to 1-6 (best to worst) basing the written questionnaires on school marks well accepted and understood by all Germans. Thus, also in this respect general comparability to the original SF36 questionnaire is not significantly compromised.
The participants were distributed across Germany in various types of dialysis center institutions addressable by the Medical Department of AbbVie, thus reducing the influence of center-specific idiosyncrasies.
Average perception of well-being was estimated at a mediocre level of approximately 3, demonstrating significant affliction. As with other parameters, the caregivers tended to describe slightly more marked impairment as compared to the patients themselves.
Regarding specific dialysis methods, PD patients described slightly better general and psychological health (2.71) as compared to HD (2.95), giving a similar impression to that described by Robinski et al. [20] in the German CORETH (Choice of Renal Replacement Therapy) study, which concentrated on patients perception. PD can offer patients a sense of independence. However, this depends heavily on minimizing fear and depression, both of which can be addressed positively in explanatory discussions between the doctor and the patient enabling the patient to reach a conclusion together with the doctor (shared decisionmaking) [21] . As with standard HD, comprehensive care service is required to reduce the risks of impaired self-esteem, physical incapacitation, and reduced social functioning including social support [22] . Strategies that aim at strengthening social support and promote confidence in patients are pivotal to achieving positive adjustment, improved psychosocial outcomes, and treatment satisfaction [23] . The findings of our study extend beyond the individual patient on dialysis and are comparable to studies pertaining to compliance to oral medication [24] .
Our study also detected a discrepancy between the subjective need for informational exchange and contact between dialysis patients, with only 24% actually having regular contact, and a larger proportion of patients and caregivers (> 40%), who considered it important or very important. This finding is remarkable as HD patients, who actually see other patients during their dialysis sessions on a regular basis, have less contact than would otherwise be expected based on the declared level of importance. Thus, it may be advantageous that dialysis centers support contact among patients as well as their caretaking relatives and provide information to include caregivers.
Undoubtedly, patient PD education affects final choice [25] . A systematic review demonstrated a strong association between patient-targeted education interventions and the subsequent choice and receipt of PD [26] . However, the relevance of additional caregiver information exchange may be evident considering the results of the Liebman et al. [27] study showing that of 217 patients receiving education and contemplating starting dialysis therapy, 124 initially chose PD, 52 were undecided, and 41 chose HD. However, final modality distribution at the time of effective dialysis therapy initiation was reversed with 150 on HD and 67 on PD. Of 124 patients who chose PD at the time of education, 59 actually started dialysis therapy with PD and 65 started with HD. On multivariable analysis, especially age older than 75 years and unemployment predicted starting with HD therapy. The study hypothesized that other factors are involved affecting patients' choice of therapy even after dialysis education [27] . Again, in this respect, our present study draws attention to the wider involvement of caregivers than previously appreciated.
It is noteworthy that HHD patients gave intermediate ratings of general and psychological health in our study (2.89) . Arguably, the initial health status may have played a role in the final decision of renal replacement method and not necessarily vice versa. However, concerning satisfaction of the type of dialysis method, PD was rated slightly better than HD with HHD trailing in last position (1.53, respectively, 1.83 and 1.89). HHD patients are generally the healthiest and most independent, again implying that other factors other than initial health restraints are involved.
Patients without direct experience in HHD and their caregivers may recognize the autonomy of HHD but are generally concerned about the potential burden and personal sacrifice HHD will impose on caregivers, also feeling apprehensive about accepting the medical responsibility for dialysis. Our results support previously published views that promoting acceptance of HHD requires effective strategies providing information and facilitating peer patient support [28] additionally to financial support particularly for those residing in remote areas [29] . Seshasai et al. [30] demonstrated in a cohort of 2,840 patients that diabetes and smoking/alcohol/drug use were associated with an increased risk for HHD discontinuation (hazard ratios 1.34 [95% CI 1.07-1.68] and 1.34 [95% CI 1.01-1.78], respectively), underlining the complexity of the mechanisms involved in decision taking and method maintenance.
Our results compliment the findings of the Empowering Patients on Choices for Renal Replacement Therapy study comprising telephone interviews of 179 patients regarding coping strategies in HD and PD [5] . Subramanian reanalyzed these findings in respect to personal patient-coping responses, implying that more engagement than disengagement strategies were observed. "Take care of myself and follow doctors' orders," "accept it," and "rely on family and friends" were the common coping themes with participants often using multiple coping strategies [31] .
Furthermore, Kopple et al. [32] have described the resulting stress in 246 maintenance HD patients utilizing the Beck Anxiety Inventory and Beck Depression Inventory. Whilst Kopple et al. [32] concentrate exclusively on patients' degrees of anxiety with no apparent decrease over time, Subramanian extends the patients horizon to families and friends, however, again without analyzing directly the perception of all the caregivers involved. Furthermore, both studies are restrictive in suggesting practical supportive coping options.
In our present study, patients rated physician and nursing care at the dialysis centers as good and were satisfied with services provided. Nurses are slightly more critical of the services provided at the dialysis centers than the patients, whereas all groups saw room for improvement. Concerns were raised by physicians and particularly nursing staff concerning publicly discussed changes in the reimbursement scheme ("Sachkostenpauschale" -translated as "lump sum payment scheme") impacting on organization and treatment quality at the dialysis center.
Personal contact and attendance by physician and nurses played a significant role for the patients receiving better marks than the facility and treatment itself. Patients voted that psychological counseling and help with social welfare are relatively important, thus supporting improvement in this area.
All decisions rely on personal contact and trust. Within a larger scenario of high mortality after starting dialysis, improved preparation for end-stage kidney disease is needed to respect patient and family choices also enabling timely initiation and refusal or discontinuation of dialysis [33] . Urquhart-Secord et al. [34] have analyzed that the top 10 outcomes as ranked by patients on a scale of 1 for unimportant to 10 as very important were fatigue/energy (mean rank score, 4.5), survival quality defined by patients as resilience and coping (3.7), ability to travel (3.6), dialysis-free time (3.3), impact on family (3.2), ability to work (2.5), sleep (2.3), anxiety/stress (2.1), decrease in blood pressure (2.0), and lack of appetite/taste (1.9). Mortality ranked only 14th and was not regarded as the complement of survival. However, caregivers ranked mortality, anxiety, and depression higher than patients, whereas patients ranked ability to work higher [34] , underlining the necessity for informational exchange on multiple levels.
A weakness of our study was unavailability of participation of the KfH Dialysis Institution, Germany, which supports approximately 1/3 of dialysis patients in Germany. However, the number of participants (510) is significantly larger than in many previous studies. A further unique strength is the inclusion of multiple stakeholders and very liberal inclusion criteria with few exclusions truly reflecting patients in real-world situations.
Overall, the study revealed that medical aspects of the dialysis treatment are of high importance for the patient's physical condition. However, factors such as a close and trustful contact with physicians and nursing staff at the center as well as informational exchange with other patients and among caregivers play a significant role in the treatment of dialysis patients. Continued cost savings, in particular on personnel, may counteract technical improvements of dialysis medicine.
Although the survey was performed in Germany, the character and implications of the evaluation enable extrapolation also to non-German health systems.
